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Thesis Summary 
This doctoral thesis describes development of novel methods for carbon–carbon bond formations via 
selective cleavage of unreactive bonds in aromatic compounds using various ruthenium-phosphine catalysts, 
including its application to the efficient syntheses of useful organic compounds and the mechanistic 
elucidations of the catalyst systems. 
Transition-metal-catalyzed functionalizations via selective cleavage of unreactive bonds can become a 
powerful tool in organic synthesis because it enables difficult transformations achieving with conventional 
methods and leads to step- and atom-economical organic synthesis. The transformations through the 
cleavage of unreactive aryl carbon–heteroatom bonds of phenol and aniline derivatives, which are often 
found in natural organic compounds, have been extensively investigated. However, the use of these methods 
as an efficient synthetic strategy is still challenging due to the lack of site-, chemo-, regio-, or product 
selectivity. For example, regarding in our studies, ruthenium-catalyzed arylation of aromatic ketones with 
organoboronates via ortho-selective cleavage of aromatic carbon–heteroatom bonds, both of reactive ortho 
positions are arylated, and selective monofunctionalization was difficult to achieve. On the basis of this 
precedent findings, I envisioned that developing a new catalyst system could achieve selective 
monofunctionalizations of these compounds in efficient manners and could provide them as a unique 
synthetic strategy for valuable organic molecules. In addition, I also expected that characteristics of newly 
developed catalyst systems such as reactivity and ligand influence would be disclosed during developments. 
First, I have succeeded in developing an efficient catalyst system consisting of RuH(OAc)(CO)(PPh3)2 and 
cesium fluoride for selective C–O monoalkenylation of 2’,6’-dimethoxyacetophenone with various 
alkenylboronates. I also found that this catalyst system could apply to the chemoselective C–O 
monoalkenylation of benzophenone derivatives for the preparations of Snyder’s versatile intermediates for 
the syntheses of various resveratrol-based natural products. 
Next, selective C−O monoarylation of aromatic ketones having two alkoxy group at the ortho positions was 
attained by using RuHCl(CO)(PiPr3)2 containing highly electron-donating a triisopropylphosphine in the 
presence of cesium fluoride and styrene. I extended this method to the reaction using aromatic esters and 
achieved a formal synthesis of altertenuol via C−O monoarylation. 
Finally, a versatile in situ generation method of phosphine-ruthenium complex was developed. A reaction of 
RuCl2(CO)(p-cymene) with a phosphine in the presence of cesium fluoride and styrene afforded the 
corresponding phosphine-ruthenium complexes which exhibited catalytic activity for the C–O arylation. This 
catalyst system has emerged as a convenient protocol for switching mono/di arylation of 
2’,6’-dimethoxyacetophenone, and enabled atropselective biaryl synthesis using chiral phosphine-ruthenium 
catalyst derived from optically active monodentate-phosphine containing alkene moiety as a crucial ligand.   
